ABSTRACT Objective: To examine childhood perfectionism in anorexia nervosa (AN) restricting (RAN), purging (PAN), and binge eating with or without purging (BAN) subtypes.
Introduction
The trait of perfectionism, a multidimensional construct generally defined as the pursuit of extreme, unattainable standards of performance and intolerance of mistakes, has been implicated as a predisposing risk factor in eating disorders-anorexia nervosa (AN) in particular. Several detailed, comprehensive reviews of research in this area have now been published. [1] [2] [3] [4] Whereas the majority of the associations described are derived from crosssectional designs, some evidence supports the idea that higher than normative levels of perfectionism appear in advance of the onset of dieting and weight loss. 5, 6 A higher level of perfectionism has also been shown in parents of individuals with AN than in parents of non-AN controls, 7 as well as in patients with AN compared to psychiatric controls. 8, 9 The relationship between perfectionism and both eating and related psychopathological fea-tures in individuals with AN has also been studied, revealing positive associations with obsessive compulsive disorder (OCD) and/or obsessive compulsive personality disorder (OCPD) 10, 11 Individuals with concurrent AN and perfectionistic tendencies show an increased severity of illness as reflected in lower BMI, 12 as well as an increased resistance to change, 12 and less favorable prognosis. 13 Results of studies that have compared levels of perfectionism across the three subtypes of AN [e.g., restricting AN (RAN), purging AN (PAN), and binge-purge AN (BAN)] have been inconsistent, 12, 14 but the relationship between early childhood perfectionism and phenotypic variations within AN has not been thoroughly studied. Studies with an adequate sample size identifying childhood risk factors or correlates for developing AN have not assessed early childhood perfectionism. 15 Accordingly, we report herein the prevalence of childhood perfectionism in each of the major clinical subtypes of AN. Participants studied were from a large, multicenter international collaborative study searching for disease susceptibility genes in AN and intermediate behavioral phenotypes associated with loci of potential interest. 16 We hypothesized that components of premorbidly expressed perfectionism would occur more often in the PAN subtype, which in several studies 12, 17 has been significantly correlated with greater severity and duration of illness. We hypothesized that two core features of AN psychopathology-drive for thinness and body dissatisfaction-would also be significantly related to aspects of childhood perfectionism.
Method

Participants and Recruitment
Participants were 728 women with a lifetime history of AN who participated in the NIMH funded Genetics of Anorexia Nervosa study. Complete study details are provided in an earlier report. 16 Briefly, probands were male or female age 16 or older, ill or recovered. They must have met a lifetime diagnosis of DSM-IV AN, with or without amenorrhea, at least 3 years prior to study entry and prior to age 45. The amenorrhea criterion was waived because of its lack of applicability to males and the unreliability of its retrospective assessment in females. The threshold for low weight was defined as a body mass index (BMI) at or below 18 kg m 22 for females and 19.6 kg m 22 for males, which corresponded to the 5th percentile of BMI values from the NHANES epidemiological sample of females and males, respectively, for the average age range (27-29 years) of the probands in our previous studies. 11 Probands did not engage in regular binge eating, defined in accordance with the DSM-IV guidelines for ''regular'' binge episodes in bulimia nervosa (i.e., at least twice a week for at least 3 months). They were required to have at least one first, second, or third degree relative with AN-excluding parents and MZ twins-who was willing to participate in the study. Exclusionary criteria were a maximum lifetime BMI exceeding 30, lack of fluency in either English or German, history of severe CNS trauma, psychotic disorders, or developmental disabilities, or if they had a medical, neurological, or substance use disorder that could confound the diagnosis of AN or interfered with completion of assessments. Affected relatives also had AN and were required to meet the same inclusion and exclusion criteria as probands with the exception that regular binge eating and a diagnosis of bulimia nervosa was permitted in addition to the AN diagnosis. Although they need not have met AN criteria 3 years prior to the study, affected relatives were required to have had a minimal duration of at least 3 months at a low weight as outlined above. Data were collected from January 2003 through June 2007.
The 728 participants were subtyped as follows: RAN, n 5 359, which included restricting and excessive exercise only, no lifetime binge eating or purging; PAN, n 5 240, which included any lifetime history of vomiting, laxative and/or purgative use; and BAN, n 5 129, which included lifetime binge eating with or without purging or a crossover from AN to bulimia nervosa (BN). Participants ranged in age from 16 to 81, with a mean age of 29.68 years (SD 5 11.63).
Probands provided informed consent to participate and permission to contact their willing affected relatives and parents in accordance with the institutional review board (IRB) requirements of each participating site. All probands and affected relatives gave informed consent prior to study entry.
Measures
To establish a lifetime diagnosis of AN and assess other core eating disorder symptoms, the structured inventory for anorexic and bulimic eating syndromes (SIAB) 18 and module H of the structured clinical interview for DSM disorders (SCID) 19 were administered. Additional eating disorder symptoms and early childhood perfectionism were assessed using the eating disorder inventory-2 and the EATATE lifetime diagnostic interview, respectively.
Eating Disorder Inventory-2 (EDI-2). The EDI-2 is a selfreport questionnaire assessing the behavioral and psychological traits common in AN and BN. 20 It is comprised of eight subscales, including drive for thinness, bulimia, body dissatisfaction, ineffectiveness, perfectionism, interpersonal distrust, interoceptive awareness, and maturity fears. Here we report on two subscales: drive for thinness and body dissatisfaction.
EATATE Lifetime Diagnostic Interview. The EATATE is a semistructured interview for a retrospective assessment of eating disorder symptoms and childhood traits of perfectionism, obsessions, and compulsions. 21 It is comprised of thirteen subscales, which include general childhood perfectionism, school work perfectionism, self care perfectionism, order and tidiness perfectionism, pet perfectionism, hobby perfectionism, other areas of perfectionism, childhood order and symmetry, childhood cautiousness, childhood excessive doubt, childhood rule driven, childhood inflexibility/stubbornness, and global childhood rigidity. For each EATATE subscale (e.g., school work perfectionism) participants were given a score of 0, 1, or 2. A score of 0 on the EATATE indicates the absence of clinically significant symptoms. A score of 1 indicates a presence of symptoms, though not to the extent that one's life is significantly impacted; a score of 2 represents a severity great enough to impact functioning in everyday life and was used for meeting the threshold for childhood perfectionism.
Procedure
Participants were administered the EATATE interview and completed the EDI-2. EATATE interviews were conducted either in person or via telephone. Four subscales of the EATATE were examined in the current study: (1) general childhood perfectionism, (2) school work perfectionism, (3) childhood order and symmetry, and (4) global childhood rigidity. An individual who met the threshold for general childhood perfectionism reported having higher standards and or were more perfectionistic than those around them. They tended to regard other children as having unacceptable standards. These individuals reported that they tended to take longer than their peers to do certain things, which would interfere with other activities like leisure time and time with friends. In addition, other people tended to comment on their tendency to be perfectionistic. School work perfectionism was marked by persistence in trying to solve problems when most of one's classmates or friends had given up. These participants also reported spending much longer on their homework than they needed to. They would redo a piece of work if it had errors on it or if they made even one mistake. They were always striving for the best grade and never felt happy or content no matter how hard they had worked. Participants who received a score of 2 on the childhood order and symmetry subscale reported a variety of behaviors including spending a long time doing or redoing their hair to make sure it was straight without bumps in it, and/or being particularly concerned about the symmetry of their hair, hem, or cuffs. These individuals would often spend a long time getting their room tidy and organized, making sure that everything was ''just so'' and in its proper place. Individuals meeting the threshold for global childhood rigidity described behaviors such as feeling they always had to follow the rules and feeling ashamed if they broke a rule. They also had difficulty adjusting to change, particularly during periods of transition such as moving to a new town or changing schools. These individuals reported an inflexibility that made it difficult for them to cope with having to change their plans on short notice. An individual's endorsement of symptoms on each of the subscales was evaluated by a doctoral-level psychologist serving as a clinical interviewer. Data were examined for participants who had a rating of 2 on any of the four EATATE subscales. Participants who met the threshold for childhood perfectionism with a score of 2 on the EATATE were asked whether this perfectionism was present before the onset of their eating disorder. These participants were also asked for the age at which their perfectionism was first expressed by anchoring their retrospective account to developmental milestones. The EDI-2 self-report questionnaire was completed by each participant.
Data Analyses
The total sample size for this study was 728 females. Males were excluded from the current study because there were too few for meaningful comparisons. It is important to note that data for only 420 of the overall sample were utilized in regression analyses, as age at onset of perfectionism was not endorsed in 42% of the participants. This was due to the fact that this age at onset of perfectionism variable was absent if the participant did not meet the threshold for at least one of the types of childhood perfectionism assessed by the EATATE. The missingness of this variable was found to be proportionally distributed on the independent variable, such that the proportional distribution of the three AN subtypes was more or less the same with or without missing observations. We are therefore reporting the results of what is essentially a complete case analysis, which involves the assumption of ''missing completely at random.'' 22, 23 Descriptive statistics were used to determine the number and percent of participants diagnosed with each of the three subtypes of AN who endorsed significant symptoms of childhood perfectionism on the four subscales of the EATATE (general childhood perfectionism, school work perfectionism, childhood order and symmetry, global childhood rigidity). Scores for perfectionism on the EATATE were compared with scores on the body dissatisfaction and drive for thinness subscales of the EDI-2 using Spearman correlations.
Multinomial logistic regression with polytomous nominal type response was used. 24 This requires generalized logit link to be used to examine the association between scores on the four subscales of the EATATE and the three subtypes of AN. The EATATE subscale scores, along with age at onset of AN, and age at onset of perfectionism served as the independent variables, while current eating disorder at time of assessment, and age at time of assessment were covariates. The dependent variable was AN subtype with one of the subtypes of AN as the referent.
To compare all possible combinations of AN subtypes, we performed two separate regressions. In the first regression we chose RAN as the referent comparing PAN and BAN versus RAN. In the second, PAN was the referent as we compared BAN and RAN versus PAN. Explanatory variables used in the regression context were entered in their original scale (i.e., without any standardization).
We utilized SPSS software (PASW Version 18.0) 25 to conduct all but the regression analyses reported in this study. The regression analyses were carried out using SAS software (Version 9.2).
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Results
Features of Perfectionism and AN Subtypes Table 1 lists the prevalence of the different subscales of perfectionism by AN subtype. There were no significant differences in the frequency of perfectionism features across the AN subtypes.
There were no differences in age at onset of AN, or in the onset of perfectionism by AN subtype (see Table 2 ).
Features of Perfectionism, Drive for Thinness, and Body Dissatisfaction
Of the 728 participants who completed the EATATE interview, 691 people also completed the EDI-2 drive for thinness and body dissatisfaction subscales. There were statistically significant correlations between the EDI-2 subscale scores and each EATATE score (data available upon request). The correlations were similar in magnitude between the RAN and PAN subtypes. However, no significant associations were observed in the BAN group (see Tables 3 and 4 ). In the BAN group, correlations for all EATATE subscales ranged in magnitude from r 5 .07 to r 5 .18 with the number of participants ranging from 113 to 114.
Predictor Variables for RAN vs. PAN
For the regression analyses, initial inspection revealed that the result of the model fitting based on the likelihood ratio statistic and score test was found to be satisfactory, with the proposed model significant at the chosen alpha level of .05. As seen in Tables 5 and 6, we found that age at onset of perfectionism, global childhood rigidity, current eating disorder at time of assessment, and age at time of assessment were significant predictors (p \ .05) of AN subtype when RAN was used as the reference variable. It is to be noted that each predictor variable appears twice in the table, because the referent (RAN) was compared with PAN and BAN separately. Upon examining the odds ratios (see Tables  5 and 6 ), the aforementioned significant predictors had a significant 95% confidence interval that did not include the number ''1'' in the interval. Age at onset of perfectionism had an estimate of 2.094 which yielded an odds ratio of exp (2.094) 5 .91. Thus, keeping all other predictors at a fixed value, we would expect a 9% decrease in the odds of having a diagnosis of RAN as compared to PAN for every 1-year increase in age at onset of perfectionism. Similarly, age at time of assessment had an estimate of .039 which yielded an odds ratio of exp (.039) 5 1.04. Here, keeping all other predictors at a fixed value, we would expect a 4% increase in the odds of having a diagnosis of RAN as compared to PAN for every 1-year increase in age at time of assessment.
Predictor Variables for RAN vs. BAN
Note that for global childhood rigidity, the estimate is .754 when the BAN and RAN groups were compared. The corresponding odds ratio was exp (.754) 5 2.13. This means that participants were 2.13 times more likely be classified as the BAN subtype than the RAN subtype, if their score on global childhood rigidity was a 2 (versus a 0). A similar interpretation can be made for the predictor variable current eating disorder at time of assessment, which yielded an odds ratio of exp (.572) 5 1.77 Tables 7 and 8 reveals that age at onset of perfectionism, current eating disorder at time of assessment, and age at time of assessment were significant predictors (p \ .05) of AN subtype when PAN was used as the reference variable. As stated earlier, the purpose of this second regression was primarily to compare the PAN versus BAN subgroups, as this comparison could not be made using the first regression described above. However, as the comparison of PAN versus RAN is exactly the inverse of comparing RAN versus PAN, we do not repeat the interpretation of those predictors here.
In this second regression analysis, we found that age at onset of perfectionism had an estimate of .091 which yielded an odds ratio of exp (.091) 5 1.09. Thus, keeping all other predictors at a fixed value, we would expect a 9% increase in the odds of being diagnosed with PAN as compared to BAN, for every 1-year increase in an individual's age at onset of perfectionism. The predictor variable age at time of assessment had an estimate of 2.035 which yielded an odds ratio of exp (2.035) 5 .96. Thus, keeping all other predictors at a fixed value, we would expect a slight decrease in the odds of hav- There was no significant correlation between anorexia nervosa binge/purge. r = Spearman correlation; NS = not significant. ing a diagnosis of PAN as compared to BAN for a 1-year increase in age at time of assessment.
Discussion
Although there were no significant differences in frequency of the aspects of perfectionism across AN subtypes, there was a hierarchy of occurrence in the different categories of perfectionism. Global childhood rigidity was most prominent, followed by school work perfectionism, general childhood perfectionism and, finally, childhood order and symmetry. As rigidity or inflexibility is prominent in the majority of individuals with AN, 11 expression of perfectionism often appears many years in advance of weight loss and body image disturbance. 6 Both obsessive compulsive personality disorder and anxiety disorders aggregate in families of individuals with AN. 27 A plausible notion is that the confluence of childhood rigidity and anxiety proneness are transmissible factors that significantly elevate an individual's risk for developing AN.
Two of the core psychopathological features of AN-drive for thinness and body dissatisfactionhad small but significant correlations with EATATE categories of childhood perfectionism in the RAN and PAN subtypes. Drive for thinness suggests an active energy component, which is more likely to be present in general childhood and school work perfectionism. Body dissatisfaction was related to all categories of perfectionism in these AN subtypes. On the basis of the current data set, we found that the perfectionism categories and the two EDI-2 subscales were unrelated among participants with BAN.
Regression analyses revealed several predictors of AN subtypes such that every 1-year increase in age at onset of perfectionism predicted a 9% decrease in the likelihood of having RAN compared to having PAN. Why a later age onset of perfectionism is more likely to predict PAN than RAN is unclear. However, we do know that a very early onset of AN (i.e., between the ages of 10-12) and hence a presumably earlier onset of perfectionism has been associated with the RAN subtype. 28 It is thus possible that purging, as well as being heritable, 29 is also a learned behavior that emerges later on during adolescence. A 4% increase in the odds of having RAN compared to PAN for every 1-year increase in age at time of assessment may simply reflect unassessed population characteristics of the RAN and PAN groups.
A 1-year increase in the age at onset of perfectionism predicted a 9% increase in the odds of having PAN as compared to BAN, while a 1-year increase in the age at time of assessment predicted a slight decrease in the odds of having PAN compared to BAN. Because age at onset of perfectionism was determined on the EATATE by retrospective recall, it is possible that age at time of assessment might influence or bias responses on the EATATE.
Those with global childhood rigidity were almost twice as likely to have BAN than RAN. This association seems counterintuitive as the binge eating and purging behaviors of BAN tend to be associated with other impulsive behaviors such as alcohol and The predictors of AN subtypes in this study do not provide a complete understanding of the development of the AN subtypes. There may be influences not examined here that affect the differentiation of AN subtypes. Disturbances of affect and behaviors which are often comorbid with the AN diagnosis may inform the course of a patient's illness. It is plausible to speculate that these comorbid features reflect differences in a complex interactive neurocircuitry and thus may influence the phenotypic variability within AN. 31, 32 Therefore different aspects of childhood perfectionism may be directed toward the salient features of AN-drive for thinness and body dissatisfaction.
This study had several limitations. Age of onset for AN and perfectionism and endorsement of perfectionism symptoms were made retrospectively and are thus subject to recall biases. Individuals with current perfectionistic traits may have been more inclined to endorse symptoms in childhood, thus inflating the association between childhood perfectionism and the development of AN. In the current study, we were unable to account for the nonindependence of the data due to the inclusion of affected relatives because data from the perfectionism measures were ordinal in nature. Failure to correct for correlated observations can lead to false positive findings, although such corrections tend not to dramatically influence analyses.
The EDI-2 is a self-report questionnaire and has the inherent problem of individuals denying the presence and/or severity of symptoms. This may account for the low magnitude of the correlations observed between drive for thinness and body dissatisfaction and perfectionism symptoms reported during the EATATE interviews.
This study suggests that early childhood perfectionism may be one factor influencing the development of all AN subtypes. Noteworthy are the findings that perfectionism often precedes the development of AN, and that the mean age at onset for both perfectionism and AN occurred prior to age 18 in this study population. A longitudinal study evaluating perfectionism in young children would be valuable to clarify the risk of early childhood excessive perfectionism for developing AN. To date, school-based interventions delivered via the internet or by direct interviews to assess body image and eating attitudes have had significant impacts on reducing risk factors for eating disorders. 33 If early childhood excessive perfectionism is determined to be a definite risk factor for developing AN, then creating and testing intervention techniques may be propitious.
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